Abstract. Low transduction efficiencies of viral and non-viral vectors still remain a major limitation in suicide gene therapy. The HSV-1 tegument protein VP22 can spread from cells where it is produced to surrounding recipient cells, thus making it a promising tool for compensation of inadequate gene transfer efficiencies. In our previous study, we focused on the optimization of the cytosine deaminase (CD) suicide gene system for the treatment of hepatocellular carcinoma. The fusion of yeast cytosine deaminase (YCD) to yeast uracilphosphoribosyltransferase designated SuperCD was shown to be catalytically superior to the YCD gene in our previous study. The aim of our study was to investigate whether fusion of the bifunctional SuperCD suicide gene to VP22 could further potentiate suicide gene therapy efficiency. C-and Nterminal fusions of SuperCD linked in-frame with VP22 were created and cloned into recombinant adenoviral vectors. Under incubation with the prodrug 5-fluorocytosine (5-FC) a strong enhancement in suicide gene induced target cell cytotoxicity was observed whereby the C-terminal fusion of VP22 to SuperCD (VP22-SuperCD) caused the most tremendous decrease in IC 50 compared to both Ad-SuperCD transduced and uninfected hepatoma control cells. Optimization of the bystander effect mediated by the intercellular transport of VP22-fusion proteins was demonstrated by cytotoxicity assays performed with a mixture of adenoviral transduced cells and naïve uninfected cells. Immunofluorescence analysis of adenoviral transduced COS-1 cells coplated with naïve HeLa cells further confirmed the unique property of VP22 for intercellular trafficking.
Introduction
Suicide gene therapy offers a new promising strategy in the treatment of solid tumors (1) . In this concept, a gene of nonhuman origin is transferred to cancer cells by viral or nonviral gene transfer systems rendering target cells specifically sensitive to a so-called prodrug that is relatively non-toxic to normal tissues (2) .
However, suicide gene therapy protocols using viral or non-viral vectors are still limited by the inability to transduce the entire tumor cell population (3, 4) . One strategy to overcome this problem is to substantially improve the so-called bystandereffect, which is defined as the ability of suicide gene transduced cells to mediate cytotoxicity of neighbouring untransduced cells (5, 6) . The HSV-1 tegument protein VP22 (7) exhibits the remarkable property of intercellular trafficking from the cell where it is produced to many surrounding cells (8) and has been successfully applied in different gene therapeutic approaches, e.g. reporting an increase in cell death when employing VP22-Tk (9,10) or VP22-CD (11, 12) fusion genes instead of unfused thymidine kinase (Tk) and bacterial cytosine deaminase (BCD) suicide genes.
The SuperCD suicide gene consists of a fusion between the catalytically superior yeast cytosine deaminase (YCD) (13) gene and the yeast uracil phosphoribosyltransferase gene (UPRT) (14) and was shown to exhibit a stronger suicide gene effect compared to BCD and YCD solely both in vitro as well as in a rat hepatoma model in vivo in our previous study (15) .
The aim of our study was to investigate whether fusion of the bifunctional SuperCD suicide gene to VP22 could further potentiate suicide gene therapy efficiency. For this purpose, we generated adenoviral vectors encoding N-and C-terminal fusions of the optimized suicide gene SuperCD (15) and the HSV-1 tegument protein VP22 (7) and investigated the property of these new vectors to enhance bystander cell killing mediated by the intercellular transport of VP22/SuperCD fusion proteins.
Materials and methods

Cells.
The human hepatoma cell line HepG2 was purchased from the European Collection of Cell Cultures (ECACC, Porton Down, Salisbury, Wiltshire, UK), human embryo kidney derived HEK293 cells were purchased from Microbix Biosystems Inc., Ontario, Canada. The cell line HeLa (human cervix carcinoma) was purchased from the American Type Culture Collection (ATCC, Rockeville, MD, USA). 293-E4 5/38 cells were a kind gift from Transgene SA (Strasbourg, France). COS-1 (monkey kidney) cells were from A. Phelan, Marie Curie Research Institute, Oxted, UK. MH (Morris hepatoma) 3924A cells were purchased from the German Cancer Research Center (DKFZ) Tumor Collection, Heidelberg, Germany. All cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Cambrex, East Rutherford, NJ, USA) with 10% fetal bovine serum and cultivated in a humidified incubator at 37˚C in a 5% CO 2 atmosphere.
Plasmid constructions. Adenoviral plasmid pTG6600-SuperCD was generated as described previously (15) . For generation of pTG6600-SuperCD-VP22, SuperCD was amplified from plasmid pTG6600-SuperCD with primers 5'-TTC GCT AGC GCC ACC ATG GTG ACA GGG GGA ATG-3' (NheIYCD_for) and 5'-TTC GAA TTC AAC ACA GTA GTA TCT GTC ACC AAA GTC ACC-3' (EcoRI-YUPRT_rev), enzymatically digested with NheI and EcoRI and inserted into the equivalently cut vector pTG6600, generating plasmid pTG6600-SuperCDII. Next, VP22 was amplified from ptkVP22ep (a kind gift from P. O'Hare, Marie Curie Research Institute, Oxted, UK) with primers 5'-TTC GAA TTC ATG ACC TCT CGC CGC TCC-3' (EcoRI-VP22_for) and 5'-TTC GCGG CCGC TTA CTC GAC GGG CCG TCT-3' (NotIVP22_rev) and subcloned into the EcoRI/NotI cut vector pTG6600-SuperCDII, resulting in generation of plasmid pTG6600-SuperCD-VP22.
PCR with primers 5'-TTC GAA TTC AGC CCA AGC TCA AAA GAT C-3' for (EcoRI-VP22_for) and 5'-TTG GAT ATC CTC GAC GGG CCG TCT GGG G-3' rev (EcoRVVP22_rev) and plasmid ptk-VP22ep as template and subsequent cloning of the EcoRI/EcoRV digested fragment into the equivalently cut vector pUC29 gave rise to plasmid pUC-VP22. pUC-SuperCD served as template for generation of an EcoRVSuperCD-NotI fragment using primers 5'-TTG GAT ATC GCC ACC ATG GTG ACA GGG GG-3' for (EcoRV-SuperCD_for) and 5'-TCC GCG GCC GCC TTA AAC ACA GTA G-3'_rev (NotI-SuperCD'rev). This fragment was cloned into the EcoRV/NotI digested plasmid pUC-VP22, thereby generating plasmid pUC-VP22-SuperCD. Finally, for generation of adenoviral plasmid pTG6600-VP22-SuperCD, VP22-SuperCD was excised from pUC-VP22-SuperCD by digestion with EcoRI and NotI and cloned into the equivalently cut vector pTG6600. pVP22GFP was generated by inserting the BglII/BamHI 911-bp fragment of ptk-VP22ep, containing the VP22 coding region, into the equivalently cut vector pEGFP-N1 (Clontech, Heidelberg, Germany). All constructs were sequenced thereby confirming their predicted composition.
Virus generation, purification and titration. Homologous recombination of the respective adenoviral shuttle plasmids pTG6600-SuperCD, pTG6600-SuperCD-VP22, and pTG6600-VP22-SuperCD with plasmid pTG15083 (16) into E. coli BJ5183 resulted in generation of infective adenoviral vectors Ad-SuperCD, Ad-SuperCD-VP22, and Ad-VP22-SuperCD.
Homologous recombination of the respective adenoviral shuttle plasmid pVP22GFP with plasmid AdEasy-1 (17) into E. coli BJ5183 resulted in generation of infective adenoviral vector Ad-VP22GFP. Adenoviral vector Ad-0, containing no foreign transgene cassette, served as a control. Viral genomes were released from the respective recombinant plasmids by PacI digestion and transfected into the 293 complementation cell line as described previously (16) . As pTG15083 contains an additional deletion in the viral E4 region (ORF 3/ORF 4) (18), 293-E4 5/38 packaging cells were used for the generation of Ad-0, Ad-SuperCD, Ad-SuperCD-VP22 and Ad-VP22-SuperCD. Transfections were performed using the multicomponent lipid-based FuGENE 6™ transfection reagent (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's protocol using 2 μg of linearised plasmid DNA. Recombinant viruses were purified using two rounds of CsCl density gradient centrifugation. Titers were determined by standard plaque assay (19) . Using the method of Zhang et al (20) all purified viral preparations were routinely screened to exclude occurrence of replication-competent adenoviruses. Virus preparations were stored at -80˚C in 25% glycerol, 10 mM Tris/HCl and 1 mM MgCl 2 .
SRB cytotoxicity assay. MH3924A rat hepatoma cells and HepG2 human hepatoma cells, respectively, were seeded in 24-well plates at a densitiy of 1x10 4 cells/well. The next day cells were transduced with adenoviral vector preparations in serum-reduced OPTI-MEM medium (Life Technologies, Eggenstein, Germany) at different MOI for 1 h at 37˚C. The next day, prodrug-containing medium was added at concentrations of 0, 0.0001, 0.001, 0.01, 0.1 and 1 mM 5-FC (a generous gift from Roche, Basel, Switzerland). Cells were incubated for 5 days with a change of medium every other day. Then, growth inhibition was evaluated by the SRB assay according to Skehan et al (21) . Cells were fixed with 10% (w/v) TCA and stained with 0.4% (w/v) SRB in 1% acetic acid. After solubilisation with 10 mM Tris pH 10.5, stained solutions were transferred to a 96-well plate for measurement in a microtiter plate reader (Dynatech MR7000, Denkendorf, Germany) using a 550-nm filter.
Evaluation of bystander effect. For coplating SRB assays, MH3924A or HepG2 cells were transduced with adenoviral vector preparations at MOI 50. The next day, transduced cells were washed extensively with PBS to remove any unattached virus and then mixed with naïve uninfected cells at a ratio of 1:20 and seeded in 24-well plates at a final density of 1x10 4 cells/well. Twenty-four hours later prodrug treatment started and SRB assays were performed as described above.
Coplating assay. To visualize VP22-mediated spread after adenoviral transduction COS-1 target cells were seeded out in 6-well plates at a density of 2.5x10 5 cells/well. The following day adenoviral vector preparations, diluted in serum-reduced Opti-MEM medium (Life Technologies) were added at MOI 100. The transduction was carried out for 1 h at 37˚C, then the virus-containing medium was aspirated and cells were cultured in fresh medium. The next day VP22-producing transduced cells were washed extensively with PBS to remove any unattached virus, trypsinized, mixed with naïve uninfected HeLa recipient cells at a ratio of 1:10 and plated in 6-well plates, each well containing one coverslip. Twenty-four hours later immunofluorescence staining was performed as described below.
Immunfluorescence microscopy. Cells to be processed for immunofluorescence were washed with PBS and fixed with 4% paraformaldehyde for 20 min at room temperature. The samples were then blocked with 10% newborn calf serum in PBS for 15 min at room temperature. Primary antibody was added in block solution and incubated for 20 min. Following two washes in PBS, the samples were incubated with secondary antibody for 10 min. After two more washes in PBS the coverslips were mounted in a Mowiol 40-88 (Sigma, Deisenhofen, Germany) preparation containing 2.5% DABCO as an antifade reagent. Cells were visualized employing an Axiovert 135 microscope (Zeiss, Göttingen, Germany) and appropriate filter sets (objective x40, 1.3 NA). All images were captured using a PCO CCD imaging SensiCam 370 XL (Klughammer, Markt Indersdorf, Germany) and the Carl Zeiss Vision AxioVision 3.1 software.
Antibodies. For double staining in immunofluorescence mouse monoclonal anti-SV40 large T antigen antibody (Santa Cruz Biotechnology, Heidelberg, Germany) was used at a 1:200 dilution, polyclonal rabbit antiserum directed against HSV-1 VP22 (AGV30) (8) was used at a dilution of 1:500. Secondary fluorescent antibodies for microscopy were FITC-conjugated anti-mouse IgG (Vector, Burlingame, CA, USA) and Alexa 546 goat anti-rabbit antibody (Molecular Probes, Eugene, OR, USA) both employed at a 1:1.000 dilution. Differences between the treatment groups in the coplating SRB assay were determined using Student's t-test. A p<0.05 was considered statistically significant.
Results
Construction and expression analysis of adenoviral vectors encoding VP22/SuperCD fusion genes.
To investigate the ability of HSV-1 VP22 to enhance SuperCD/5-FC suicide gene therapy of hepatocellular carcinoma by intercellular protein trafficking we generated adenoviral expression vectors for full-length, in-frame N-and C-terminal fusion genes of VP22 to the bifunctional yeast cytosine deaminase (YCD)/ yeast uracilphosphoribosyltransferase (YUPRT) fusion gene SuperCD, designated Ad-SuperCD-VP22 and Ad-VP22-SuperCD (Fig. 1) . Western blot analysis of Morris hepatoma 3924A (MH) and human hepatoma HepG2 cells transduced with adenoviral vectors Ad-SuperCD-VP22 and Ad-VP22-SuperCD at MOI 50 confirmed generation of predominantly full-length fusion proteins of the expected size of 75 kDa (data not shown). Also the unfused SuperCD suicide protein was detected at the expected size of 42 kDa in both MH as well as in HepG2 cells transduced with adenoviral vector AdSuperCD at MOI 50 (data not shown).
Suicide gene cytotoxicity of VP22/SuperCD fusion genes.
To test whether VP22/SuperCD fusions are able to enhance the suicide gene cytotoxic effect of the parental SuperCD gene SRB cytotoxicity assays were performed, which are known as the standard assay of the US National Cancer Institute (NCI) to screen for all kinds of cytotoxic substances (21) . MH and HepG2 cells, respectively, were transduced with adenoviral vectors at different MOI (MOI 50, MOI 10, MOI 5). After 5 days of incubation with the prodrug 5-fluorocytosine (5-FC) growth inhibition was determined by staining with the protein dye sulforhodamin B (SRB). Untransduced cells, as well as control vector Ad-0 transduced cells, being cultured for 5 days with the analogous amounts of 5-FC, were used as controls. SRB values were referred to that of adenoviral transduced cells incubated for 5 days without prodrug incubation and are given as percentage of surviving cells (control, 100%).
As expected, in both cell lines no significant inhibition of cellular growth under incubation with increasing amounts of 5-FC was detected for naïve/untransduced cells as well as for control vector (Ad-0) infected cells, in both cell lines and for all MOI investigated (Fig. 2) .
In contrast, expression of the unfused SuperCD suicide gene resulted in a pronounced cytotoxic effect with increasing amounts of the prodrug 5-FC for all MOI investigated. Infection of the target cells with Ad-SuperCD, Ad-SuperCD-VP22 and Ad-VP22-SuperCD increased the sensitivity of the cells to 5-FC in a virus dose-dependent manner.
However, when comparing the inhibitory effect of AdSuperCD with Ad-SuperCD-VP22 and Ad-VP22-SuperCD, an enhanced suicide gene effect of the VP22 fusion proteins was found at every distinct 5-FC concentration level. The concentration of 5-FC necessary to accomplish a 50% inhibition of cellular growth (inhibitory concentration IC 50 ) was found to be strongly reduced in both Ad-SuperCD-VP22 and Ad-VP22-SuperCD infected cells compared to Ad-SuperCD infected cells for all MOI investigated (Table I) (Fig. 3) ; at MOI 50, a slightly stronger effect was observed in HepG2 cells transduced with Ad-VP22-SuperCD (Fig. 3B) . These control data are in strong support of the notion that the clearly enhanced suicide gene effect achieved by employment of our new VP22/SuperCD adenoviral vector fusions cannot be explained by any unspecific transgene induced cytotoxicity.
VP22 mediated enhanced bystander cell killing. To further investigate whether the improved cytotoxic effect of the VP22/SuperCD fusion proteins is caused by an enhanced transduction efficency due to VP22-mediated intercellular transport of the fusion proteins to neighbouring non-transduced cells, SRB cytotoxicity assays were performed with a mixture of adenoviral transduced and non-transduced naïve cells. Cells were transduced with adenoviral vectors Ad-0, AdSuperCD, Ad-SuperCD-VP22, and Ad-VP22-SuperCD at MOI 50. The next day transduced cells were mixed with naïve uninfected cells at a ratio of 1:20. After 5 days of 5-FC prodrug treatment SRB staining was performed as described above. As expected, both uninfected cells and Ad-0 infected control cells showed 100% viability (Fig. 4) . Under the chosen conditions (5% infected cells) no significant cytotoxic effect could be achieved employing parental adenoviral vector Ad-SuperCD, even at the highest prodrug concentration investigated. In contrast, differences between Ad-SuperCD-VP22 and control cells were significant at a prodrug concentration of 1 mM in HepG2 cells (p<0.001) and at a concentration of 0.1 mM 5-FC and 1 mM 5-FC in MH cells (p<0.001). For Ad-VP22-SuperCD, differences were significant at a concentration of 0. (Table I) . These results impressively point to a strong additional Table I . IC 50 of 5-FC inhibition of cellular growth (as determined by SRB assays). 
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Mixture of 5% adenoviral transduced cells and 95% non-transduced naïve cells (SRB assay described in Fig. 4 ). Fig. 5b , f, j, n and r) plus an ii) anti-VP22 antibody (FITC-conjugated antibody employed as secondary antibody; third column in Fig. 5c , g, k, o and s) to detect VP22 mediated intercellular trafficking. As a result, untransduced COS-1 cells mixed with naïve HeLa cells (mock control) clearly show detection of SV40 large T antigen expressing COS-1 cells (Fig. 5b and d) , but only slightly green background fluorescence (Fig. 5c , merge overlay in d). Similar results were obtained when COS-1 cells being transduced with adenoviral control vector Ad-0 were mixed with naïve HeLa cells: expression of SV40 large T antigen in COS-1 cells ( Fig. 5f and h ) and again minor green background fluorescence (Fig. 5g and merge overlay  in h) .
-----------------------------------------------------------------------------------------------------
However, when COS-1 cells being transduced with AdSuperCD-VP22 were mixed with naïve HeLa cells, a typical pattern of VP22-mediated transport is detected (Fig. 5, third  row) . Primary adenoviral transduced cells expressing both the SV40 large T antigen as well as VP22 can be easily identified by their yellow colour in the merge overlay (Fig. 5l) . These cells were found to be surrounded by numerous HeLa recipient cells being only green but not red stained due to VP22 intercellular trafficking of the SuperCD-VP22 fusion proteins. When mixing COS-1 cells transduced with Ad-VP22-SuperCD and non-transduced HeLa cells, the same pattern of VP22 intercellular trafficking can be observed (Fig. 5p) .
To preclude the possibility that primary and secondary antibodies could have caused background fluorescence artefacts in the detection of VP22 intercellular trafficking ( Fig. 5c and g ), we directly investigated the trafficking property of VP22 with a VP22-GFP fusion protein (Fig. 5, lower row) , thereby circumventing the need for the usage of any VP22 antibodies. As a result, primary transduced COS-1 cells are again surrounded by many HeLa recipient cells exhibiting only green fluorescence due to VP22 intercellular trafficking of the VP22-GFP fusion protein (Fig. 5t) . Hence, direct fluorescence microscopy further approves the property of the VP22 fusion proteins for intercellular trafficking.
Discussion
Suicide gene therapy offers a promising strategy in the treatment of cancer. Numerous pre-clinical and clinical studies employing adenoviral suicide gene therapy have been conducted obtaining encouraging results, but robust clinical efficacy remains elusive (22) .
Any successful clinical application of this therapeutic approach depends on the efficiency of tumor cell transduction.
One strategy to improve suicide gene therapy is to enhance the sensitivity of the target cells to the prodrug by the generation of new bifunctional suicide genes (14, 23) . We previously investigated the cytotoxic effect of the bifunctional SuperCD suicide gene, encoding a fusion of the yeast cytosine deaminase gene with the yeast uracil phosphoribosyltransferase gene (YCD::YUPRT). Our study demonstrated a strongly enhanced suicide gene effect of this fusion gene in vitro as well as in vivo compared to the single application of bacterial cytosine deaminase or the yeast cytosine deaminase gene (15) .
Optimization of the so-called bystander effect, the delivery of toxified prodrug from primary transduced to neighbouring non-transduced cells, helps to overcome low primary transduction efficiencies of viral and non-viral vectors (6) . The HSV-1 tegument protein VP22 has been shown to exhibit the property of spreading from one primary transduced cell to many surrounding cells, thus making it a promising tool for compensation of inadequate gene transfer efficiencies (24) . Fusions to VP22 have been shown to improve the therapeutic efficiency of several suicide genes, e.g. the bacterial cytosine deaminase (11), the yeast cytosine deaminase (12) and the herpes simplex virus type 1 thymidine kinase (10, 25, 26) .
The aim of our study was to investigate whether fusion of VP22 to the bifunctional SuperCD suicide gene could further improve the efficiency of SuperCD suicide gene therapy. Employing SRB cytotoxicity assays we found that adenoviral transduction with Ad-SuperCD-VP22 and Ad-VP22-SuperCD led to a much stronger cytotoxic effect compared to AdSuperCD alone (Fig. 2) . A reduction in IC 50 of up to >500-fold at MOI 50 compared to Ad-SuperCD infected cells was achieved with adenoviral vector Ad-VP22-SuperCD (Table I , 0.2 mM 5-FC vs. 0.0003 mM 5-FC). We did not detect any significant transgene induced cytotoxicity in the absence of 5-FC; only when HepG2 cells were transduced with adenoviral vector Ad-VP22-SuperCD at MOI 50, a cytotoxic effect independent from prodrug treatment was observed (Fig. 3) . Further investigations will be needed to specifiy this effect and to prove whether similar mechanisms as shown for the bovine VP22 protein (BVP22) (27) can be assumed for induction of cytotoxicity at high MOI levels. However, the strongly enhanced suicide gene effect achieved by employment of our new VP22/SuperCD adenoviral vector fusions even at MOI 5 cannot be explained by unspecific transgene induced cytotoxicity.
It has been hypothesized that the enhanced cytotoxic effect achieved by the fusion of a suicide gene to VP22 is only caused by an enhanced intracellular effect (28, 29) , but not due intercellular trafficking of the fusion protein. To prove this assumption, we performed coplating experiments with a mixture of 5% adenoviral transduced cells and 95% non-transduced naïve cells (Fig. 4) . At these conditions, transduction with the SuperCD suicide gene did not reveal any cytotoxic effect in hepatoma cells, thereby indicating the limitations of current suicide gene systems at low transduction efficiencies. However, when employing our new fusion genes of VP22 to SuperCD, up to 90% of cells were killed in a mixture of only 5% adenoviral transduced cells with 95% naïve cells (Fig. 4) . We thereby confirm, that the enhanced cytotoxic effect obtained by transduction with Ad-VP22-SuperCD and Ad-SuperCD-VP22 is caused by an enhanced bystander effect due to intercellular trafficking of the fusion proteins.
Despite promising results of gene therapeutic approaches using fusions of VP22 to the therapeutic gene of interest (11, 12, 30, (31) (32) (33) , there still exists a controversy regarding the point of VP22 intercellular trafficking (29, (34) (35) (36) (37) . It has been stated that some of the published results on spreading phenomena can only be explained by methanol fixation artefacts (34, 36) . Furthermore, recently published data proclaim that VP22 cannot efficiently translocate between cells at all (29, 36) .
In a recently published study, we created an adenoviral vector with a dual expression cassette for VP22-GFP and DsRed under the control of distinct human CMV promoters. Application of this vector enabled us to clearly distinguish between primary transduced cells and cells taking up VP22GFP by intercellular trafficking. We demonstrated by live cell confocal fluorescence microscopy that VP22 intercellular trafficking is not an artefact caused by fixation of the cells, but also takes place in living unfixed cells (38) . To visualize VP22 intercellular spread of our VP22/SuperCD fusion proteins, we mixed adenoviral transduced cells with naïve, non-transduced cells at a ratio of 1:10 and examined the cells by indirect immunofluorescence analysis (Fig. 5) . The results confirm a distinct VP22-mediated intercellular trafficking effect of the VP22/SuperCD fusion proteins and are in accordance with our previous studies on VP22-mediated intercellular trafficking (11, 38, 39) and the results of our actual coplating SRB cytotoxicity assays (Fig. 4) .
Whereas both the N-terminal as well as the C-terminal fusion between SuperCD and VP22 strongly enhanced the suicide gene cytotoxicity of SuperCD alone, the C-terminal fusion VP22-SuperCD was found to be more efficient than the N-terminal fusion SuperCD-VP22 in bystander cell killing (Figs. 2 and 4 ). So far, most studies examining VP22 fusion protein expression analyzed only one kind of fusion construct (40, 41) or did not detect differences in intercellular transport or enhancement of cell killing employing VP22-P53 and VP22-Tk fusion proteins (9, 32) . In our own previous study we detected enhanced cell killing only by an N-terminal CD-VP22 fusion protein but not with the C-terminal fusion VP22-CD (11), similar observations have also been made with BV22-Etk fusion proteins (28) . On the other hand, the first report describing the intercellular trafficking property of a fusion between VP22 and a large polypeptide has been made on the C-terminal fusion protein VP22-GFP (8) . The contradictory results employing C-and N-terminal fusions of VP22 may be explained both by i) different size and ii) protein folding properties of the VP22 fusion partners, masking functional domains in the fusion protein. Further research is needed regarding this point.
In conclusion, employing our new adenoviral vectors encoding a fusion of our enzymatically enhanced suicide gene SuperCD to VP22, we were able to potentiate in vitro suicide gene therapy efficiencies. Regarding possible future in vivo applications, a combination between suicide gene therapy and virotherapy, e.g., the introduction of our new suicide gene fusion VP22-SuperCD into tumor selectively replicating vectors (42, 43) , might help to enhance the oncolytic effect of such virotherapeutics, thereby improving the efficiency of cancer gene therapy.
